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ABSTRACT
Introduction: As a result of alkaline substances entering the esophagus wall, necrosis occurs, as
well as destruction of the mucous, submucosal and muscular layers of the esophagus. The cellu-
lar immune system plays an important role in regulating the various phases of the wound healing
process, during which, depending on the time and through specific adhesion interactions, poly-
morphonuclear leukocytes, macrophages, and lymphocytes penetrate the site of the trauma and
lead to an intensive proliferation of fibroblasts, endothelial cells, and keratinocytes. The substances
of natural origins based on polyphenolic compounds are possible as a remedy for the normaliza-
tion of physiological and biochemical parameters in a condition of various pathologies. Phaseolus
vulgaris pods extract (PVPE) are an example of a rich source of bioactive compounds with proven
human health benefits. Our results revealed imbalance of pro-inflammatory and anti-inflammatory
cytokines in esophageal homogenates in rats with alkali burn of esophagus II degree, which can
indicate a prolonged inflammation in the burned area. In the groups of animals with the alkaline
burn of the esophagus, that were injected extract there can be traced a change of the indicators in
the direction of normalization, indicating about the therapeutic effect of aqueous extract of pods
of Phaseolus vulgaris. Objective: The cellular immune system plays an important role in regulat-
ing the various phases of the wound healing process, and can be used as a marker of pathological
post-burn wound healing, Phaseolus vulgaris pods extract (PVPE) are an example of a rich source
of bioactive compounds with proven human health benefits. The aim of the study was to inves-
tigate changes in cytokines levels in rat esophageal supernatants in the condition of alkali burn
esophagus second degree (AEB 2) and treatment with Phaseolus vulgaris pods extract. Material
and Methods: The animals were experimentally simulated with the alkali esophageal burn with
20% (grade II) solvent of NaOH. Levels of cytokines in esophageal tissue homogenates were done
by ELISA. Results: In the present study, we investigate the imbalance of pro-inflammatory and
anti-inflammatory cytokines in esophageal homogenates in rats with AEB 2, which can indicate a
prolonged inflammation in the burned area. In the groups of animals with the AEB 2, that were
injected extract there can be traced a change of the indicators in the direction of normalization.
Conclusion: The administration of the extract, in conditions of alkaline burn of the esophagus,
contributes change of the indicators in the direction of normalization indicating the therapeutic
effect of aqueous extract of pods of Phaseolus vulgaris.
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INTRODUCTION
In the modern world, cases of poisoning with chemi-
cal agents are increasingly occurring. Chemical burns
are the most common pathology of the esophagus in
children1. Alkaline solutions are often bottled, or
placed to wrappers similar to sweets, so children can
swallow the alkaline. As a result of alkaline substances
entering the esophagus wall, necrosis occurs, as well
as destruction of themucous, submucosal andmuscu-
lar layers of the esophagus2,3. Despite the wide range
of drugs used to treat the effects of chemical burns of
the esophagus, there is a lack of information in the lit-
erature about their effectiveness4.

The process of wound healing consists of three phases
that overlap with each other: inflammation, prolif-
eration, and remodeling. An alkaline burn of the
esophagus induces an inflammatory response that
is characterized by the release of pro-inflammatory
and anti-inflammatory cytokines5. Inflammation is
needed to successful burn wound healing. Inflam-
matory mediators such as cytokines, kinins, lipids,
and others provide immune signals to recruit leuko-
cytes and macrophages that initiate the proliferative
phase6. Inflammation phase is controlled by the bal-
ance between pro- and anti-inflammatory mediators
in a complex cytokine network. Cytokine balance is
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essential for cell adhesion control, movement, pro-
liferation, and synthesis of extracellular matrix pro-
teins within the healing wound7. Prolonged inflam-
mation is harmful and may impend the progress of
normal burn wound healing by affecting other stages
of wound healing8. Prolonged inflammation has also
been associated with excessive scarring9. According
tomodern concepts of burn disease development, one
of the major burn complications is the occurrence of
inflammation10.
Wound healing in rodents is very similar to humans,
and rodents model are a well-characterized model of
human wound healing11. There are many difficulties
in treating chemical burns of the esophagus 1. The
effect of therapeutic approaches is reduced due to a
decrease in the immune balance, and this is due to
pathogenicmicroflora. As a consequence, the compli-
cation of regeneration and other abnormalities in pa-
tients. The recovery of functional immunity is a very
important step in the complex therapy of chemical-
induced esophageal burns.
Analysis of recent data from the literature suggests
that substances of natural origins based on polyphe-
nolic compounds are possible as a remedy for the nor-
malization of physiological and biochemical param-
eters in a condition of various pathologies. Phaseo-
lus vulgaris pods extract (PVPE) are an example of a
rich source of bioactive compounds with proven hu-
man health benefits12. However, this study was de-
signed to explore the anti-inflammatory activity of
Phaseolus vulgaris pods extract by measuring their ef-
fects on pro-inflammatory and anti-inflammatory cy-
tokines secretion in post-burn esophageal tissue ho-
mogenates.

METHODS
Preparation of plant extract
Plant material was harvested and collected in Kyiv re-
gion of Ukraine. The aqueous extract was prepared by
the nextmethod: 132 g of dried pods of P. vulgariswas
poured into 1.0 liter of water at 100◦C. The mixture
was held in a boiling water bath for 20 minutes, then
allowed to cool for overnight and filtered. The ob-
tained extract was centrifuged at 1000 g for 10min, for
removing plant debris, and the supernatant was dried
usingThe Telstar LyoQuess freeze dryer (Spain). Dry
extract (8 g) was stored at -20ºC until the time of use.
When needed, the residual extract was suspended in
distilled water and used in the study12.

Experimental animals
White non-linear male rats, each in the weight range
of 100-120g, were obtained from the Animal house

of Taras Shevchenko National University of Kyiv,
Ukraine. The animals were kept on a standard vivar-
iumdiet. Theprotocol of the experiments in this study
have been examined and approved by the Bioethics
Commission of Educational and scientific center ”In-
stitute of biology and medicine” of Taras Shevchenko
National University of Kyiv, Ukraine (protocol №3
from 15.08.2018) and have been performed in accor-
dance with the standards of the Helsinki declaration
(International medical assemble), European Conven-
tion for the protection of vertebrate animals that used
for experimental and other scientific purposes, and
other international agreements and national legisla-
tion in this field.

Experimental design
A total of 160 rats were divided into 4 groups in equal
amount (40 rats in each group): group 1st (G1)– intact
control rats (saline injection), group 2nd (G2)- con-
trol rats, which was injected with PVPE start from 2nd

day of the experiment at a dose of 200mg/kg b.w. per
day12 for 21 days, group 3rd (G3)- AEB 2 with saline
injection, group 4th (G4)-AEB of 2nd grade, which
was injected with PVPE start from the 2nd day of the
experiment at a dose of 200mg/kg b.w. per day for
31 days. Before modeling of esophageal burn, each
rat was anesthetized with 50 mg/kg ketamine HCl in-
tramuscular. The animals were experimentally simu-
lated with the alkali esophageal burn with 20% (grade
II) solvent of NaOH1. After 7, 14, 21 and 31 days, the
animals were killed by cervical dislocation.

Analytical methods
Histopathological examination for all the groups was
done to confirm the tissue damage and stage of al-
kali burn of esophagus. Levels of cytokines in ho-
mogenates were done by ELISA immune assays with
primary and secondary antibodies from Santa Cruz
Biotechnology, CA, USA. ELISA plates were coated
overnight at 4◦C with samples of esophageal ho-
mogenate previously diluted with Tris-HCl buffer,
pH 7.4 to the obtained concentration of proteins 10
µg/mL. After being washed, plates were blocked with
5% nonfat dry milk for 1 h at 37ºC and washed
again. After that plates were incubated for 1 h at
37ºC with specific primary antibodies against the cy-
tokines. Plates were washed and incubated for 1 h at
37ºC with corresponding secondary antibodies con-
jugated to horseradish peroxidase. After washing, the
substrate (OPD and hydrogen peroxide) was added.
The reaction was stopped by addition of 2.5 NH2SO4.
Plates were read at 492 nm by a microplate reader
(µQuantTM, BioTek Instruments, Inc)13.
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Statistical analysis
The data of biochemical estimations were reported
as mean ± SE for ten animals in each group (after
7th, 14th, 21st , and 31st days after burn). Statisti-
cal analyses were performed using one-way analysis
of variance (ANOVA). To determine the reliability of
the differences between the two samples we used the
Student test (t). Whereby differences P< 0.05 were
deemed reliable. All statistical analyses were per-
formed with statistically available software (SPSS 16
for WINDOWS).

RESULTS
We investigated the changes in levels of pro-
inflammatory cytokines (IL-1β , IL-6, IL-12β , IFN-γ ,
TNF-α). The levels of pro-inflammatory cytokines
in esophageal supernatants of rats with AEB 2 was
significantly increased (except TNF-α) over time in
groups G3 and G4. Peak levels of pro-inflammatory
cytokines were detected on the 7th day and some
cytokines levels were constantly and significantly
higher up to the 31st day.
The level of IL-1β in group G3 increased by 64.3%,
43.5%, 38.6%, and 6.8% after 7th, 14th, 21st and 31st

days post-burn (Table 1), when compared to the con-
trol (G1). In the group of animals treated with the
extract (G4), the level of IL-1β was decreased over
experiment time (Table 1), mostly for the 7th-day
post burn by 23.6% compared to the values in group
G3 (with no treatment). The level of IL-6 (Table 2)
in group G3 increased on 7, 14, 21 and 31 days -
by 51.2%, 26.8%, 16.3%, and 6.5% compared to G1.
As for G4, the level of IL-6 was decreased over ex-
periment time, mostly for the 7th day by 12% com-
pared to G3. The level of IL-12β (Table 3) in group
G3 increased after 7, 14, 21 and 31 days - by 47.1%,
41.9%, 8.9%, and 4.7% compared toG1. As forG4, the
level of IL-12β was decreased over experiment time,
mostly for 14th day by 11.9% compared to the values
in group G3. The level of TNF-α (Table 4) in group
G3 increased on day 7th - by 32.2% and then, signifi-
cantly decreased by 19.3%, 14.8%and 8.8%after 14, 21
and 31 days compared to the control (G1). The level
of IFN-γ (Table 5) in groupG3 significantly increased
on days 7 and 14 – by 22.1% and 17.1% compared to
G1.
We investigated the changes in levels of anti-
inflammatory cytokines (IL-4, IL-10). The results in-
dicated a significant decrease in the levels of anti-
inflammatory cytokines within 21 days after burning.
The level of IL-4 (Table 6) in groupG3 decreased after
7 and 14 days - by 22.3% and 17% compared to G1. As

for G4, the level of IL-4 was higher by 8.5% and 5.8%
after 7 and 14 days compared to the values in groupG3
(Table 2). Also, the level of IL-10 (Table 7) was sig-
nificantly lower by 31.3% for the 7th day and by 39.5%
for the 14th day compared to control. In the group
with PVE treatment (G4), the level of IL-10 was sig-
nificantly higher by 7.3% for the 7th day and by 22%
for the 14th day compared to the group with no treat-
ment (G3).

DISCUSSION
In the condition of esophageal chemical burns, the
organism is capable of expression of non-specific in-
flammatory reactions, leading to cytokine synthe-
sis in the burned area10. The cellular immune sys-
tem plays an important role in regulating the various
phases of the wound healing process, during which,
depending on the time and through specific ad-
hesion interactions, polymorphonuclear leukocytes,
macrophages, and lymphocytes penetrate the site of
the trauma and lead to an intensive proliferation of fi-
broblasts, endothelial cells, and keratinocytes14. Pro-
inflammatory cytokines play a key role in the progres-
sion of inflammatory trauma both at the local and sys-
temic levels. In strong inflammatory conditions, cy-
tokines can enter the bloodstream, eliciting acute re-
sponses from various tissue organs.
The imbalance in the release of pro-inflammatory
and anti-inflammatory cytokines may contribute to
immunological dysfunction and systemic inflamma-
tion, resulting in tissue damage, multiple organ fail-
ure, or death from the burn 15. The burn wound heal-
ing process characterized by a prolonged inflamma-
tory phase, and that is one of the main complications
caused by chemical burns. Due to violations of the
skin barrier, sepsis occurs and the immune system
weakens10.
Acute inflammatory response is initiated due to the
activation of tissue macrophages and the secretion
of inflammatory cytokines, in particular, interleukin
(IL-1), tumor necrosis factor (TNF-α), IL-6, which
cause many local and systemic changes detected dur-
ing the development of an acute inflammatory re-
sponse16. IL-1 launches a complex of local defense re-
actions involving almost all types of inflammatory ef-
fector cells in the elimination of the pathogen and the
restoration of the integrity of the damaged tissue17.
This local cytokine production has multiple local and
systemic consequences, such as inflammatory cell mi-
gration, activation of immune response and changes
in the processes of proliferation and differentiation of
keratinocytes and of fibroblasts10,17.
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Table 1: IL-1β levels (st.u.) in esophageal tissue homogenates
obtained from the rats

IL-1β (st.u.) 7 days 14 days 21 days 31 days

G1 29.75±1.3 29.3±1.3 33.2±2.4 29.92±2.3

G2 31.6±1.4 30.15±2.3 32.94±2.3 31.54±2.5

G3 48.89±3.2* 42.05±3.9* 46±2.2* 31.97±2.4

G4 41.88±3.1*# 37.72±3.8* 40.26±2.1*# 31.82±2.7

Values are represented as mean ± SE (*P ≤ 0.05 compared to control group G1, #P ≤
0.05 compared to the G3). G1: control rats, G2: control rats injected with PVPE, G3:
alkali esophageal burn; G4: alkali esophageal burn with PVPE treatment. Data obtained
from groups of ten rats each (n=10).

Table 2: IL-6 levels (st.u.) in esophageal tissue homogenates
obtained from the rats

IL-6 (st.u.) 7 days 14 days 21 days 31 days

G1 28.42±1.2 28.36±2.1 28.95±2.1 29.35±2.1

G2 30.25±1.5 29.34±2.2 29.79±2.4 30.78±2.6

G3 42.97±4.1* 35.96±2.9* 33.7±2.3* 31.26±2.8

G4 39.54±3.6* 32.94±3.2 31.97±2.2 30.72±2.3

Values are represented as mean± SE (*P≤ 0.05 compared to control group G1, #P
≤ 0.05 compared to the G3). G1: control rats, G2: control rats injected with PVPE,
G3: alkali esophageal burn; G4: alkali esophageal burn with PVPE treatment. Data
obtained from groups of ten rats each (n=10).

Table 3: IL-12β levels (st.u.) inesophageal tissue homogenates
obtained from the rats

IL-12β (st.u.) 7 days 14 days 21 days 31 days

G1 27.67±1.2 27.31±2.0 26.78±1.4 27.67±1.9

G2 27.97±1.1 28.64±2.1 25.34±1.1 27.99±2.1

G3 40.71±4.0 38.7±3.5* 29.16±2.7 28.96±2.2

G4 38.31±3.8 35.51±2.4* 29.07±2.1 28.74±2.1

Values are represented as mean ± SE (*P ≤ 0.05 compared to control group G1, #P
≤ 0.05 compared to the G3). G1: control rats,G2: control rats injected with PVPE,
G3: alkali esophageal burn; G4: alkaliesophageal burn with PVPE treatment. Data
obtained from groups of ten rats each (n=10).

Table 4: TNF-α levels (st.u.) in esophageal tissue homogenates
obtained from the rats

TNF-α (st.u.) 7 days 14 days 21 days 31 days

G1 26.7±1 26.71±1.8 26.88±1.0 26.41±1.4

G2 27.24±1 27.53±1.6 26.95±1.1 26.89±2.7

G3 35.31±4.4* 21.54±1.4* 22.9±1.9* 24.07±2.4

G4 34.53±3.8* 21.99±1.6* 22.59±2.1* 22.99±1.9*

Values are represented as mean ± SE (*P ≤ 0.05 compared to control group G1, #P ≤
0.05 compared to the G3). G1: control rats, G2: control rats injected with PVPE, G3:
alkali esophageal burn; G4: alkali esophageal burn with PVPE treatment. Data obtained
from groups of ten rats each (n=10).
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Table 5: IFN-γ levels (st.u.) in esophageal tissue homogenates
obtained from the rats

IFN-γ (st.u.) 7 days 14 days 21 days 31 days

G1 31.63±1.2 31.14±2.1 33.75±1.3 33.04±1.7

G2 32.42±1.4 31.52±2.2 33.96±2.6 33.76±1.3

G3 38.63±3.7* 36.47±2.3* 35.75±2.4 35.04±1.4

G4 38.45±2.5* 35.29±2.7 35.44±2.8 34.99±1.4

Values are represented as mean ± SE (*P ≤ 0.05 compared to control group G1, #P
≤ 0.05 compared to the G3). G1: control rats, G2: control rats injected with PVPE,
G3: alkali esophageal burn; G4: alkali esophageal burn with PVPE treatment. Data
obtained from groups of ten rats each (n=10).

Table 6: IL-4 levels (st.u.) in esophageal tissue homogenates obtained from the rats

IL-4 (st.u.) 7 days 14 days 21 days 31 days

G1 38.01±2.5 36.47±2.4 38.2±1.5 35.83±1.4

G2 35.95±2.4 35.68±2.6 39.2±1.5 36.8±1.4

G3 29.52±1.9* 30.26±1.9* 36.31±1.4 33.76±1.3

G4 32.74±1.8* 32.41±1.4* 36.52±1.4 35.4±1.4

Values are represented as mean± SE (*P≤ 0.05 compared to control group G1, #P≤ 0.05 compared to the G3). G1: control rats, G2: control
rats injected with PVPE, G3: alkali esophageal burn; G4: alkali esophageal burn with PVPE treatment. Data obtained from groups of ten rats
each (n=10).

Table 7: IL-10 levels (st.u.) in esophageal tissue homogenates
obtained from the rats

IL-10 (st.u.) 7 days 14 days 21 days 31 days

G1 47±2.9 46.53±1.8 45.85±1.8 44.48±1.7

G2 48.11±2.8 46.85±0.6 45.63±1.8 44.69±1.7

G3 32.25±2.4* 28.13±1.2* 36.87±1.4* 45.92±1.8

G4 35.71±2.7* 38.4±1.5*# 38.13±1.5* 46.2±1.8

We investigated changes in levels of pro-
inflammatory cytokines (such as IL-1β , IL-12β ,
IFN-γ , IL-6, TNF-α) which can enhance the
proliferation of T- and B- lymphocytes, antibody
synthesis, production of adhesion molecules, and
synthesis of acute phase proteins. Also, they are
involved in processes of specific and non-specific
immunity. IL-1β is one of the key cytokines in
wound defense and regulation. The data obtained for
IL-1β levels in esophageal homogenate supernatants
show that IL-1β increases in the condition of AEB
2 during all period of the experiment (Table 1).
Our data are consistent with the literature, which
also show increases in IL-1β concentration in
tissues and plasma with inflammatory wounds18

compared to intact animals (Table 1). IL-6 acting as
a pleiotropic cytokine that is involved in the growth
and differentiation of numerous cell types. In our
study, we showed that there was an increase of IL-6

in conditions of alkali burn esophagus (Table 2).
IL-12β is crucial for immune response amplification
as well as the initiation of protective mechanisms
against infections. Monocytes, macrophages, neu-
trophils, lymphocytes are basic producers of IL-12β ,
microbial components are the main inductors of
IL-12β synthesis. The basic target cells for IL-12β
are natural killers and T lymphocytes. IL-12β
activates T-lymphocyte differentiation and cytotoxic
activity10. Pro-inflammatory cytokines IFN-γ and
TNF-α play an immunomodulatory function and
they are considered as inducers of cellular immunity,
which are functionally related to other crucial
pro-inflammatory cytokines. We showed an increase
of levels of IFN-γ (Table 5) and IL-12β (Table 3)
in esophageal homogenate supernatants in rats with
the AEB 2 during all time of the investigation. We
admit an increase in the level of TNF-α on day 7th
and then the level of TNF-α decreased on day 14th
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and for the rest of the experiment (Table 4). It was
established that one of the factors promoting the
IL-6 increase in the inflammation area may be the
increase of IL-4 (negative correlation)10. Changes in
the content of Anti-inflammatory cytokine IL-4 can
be regarded as a prognostic factor for post wounded
complications19. Anti-inflammatory cytokines are
able to inhibit pro-inflammatory cytokine activity,
suppress T-lymphocyte proliferation, and participate
in immune responses to various antigens. In our
study, we showed that there was an increase in
levels of IL-4 (Table 6) and IL-10 (Table 7) in rat’s
esophageal homogenate supernatants after alkali
burn of esophagus 2 degree.
Plants, including herbs, contain polyphenols, which
are a potential source of natural antioxidants.
Herbal extracts and their products prevent or
reduce oxidative stress. The reported in literature
anti-inflammatory mechanisms included reduction
of some pro-inflammatory cytokines, and increasing
anti-inflammatory IL-10 secretion, reduction of
cyclooxygenase-2 (COX-2) and nitric oxide synthase
expression20. In our experiment, we showed some
normalization of inflammatory indicators due to the
introduction of the extract, which may be a sign of
the positive effect of the extract on the healing of
alkaline burn of the esophagus.

CONCLUSIONS
Our results revealed imbalance of pro-inflammatory
and anti-inflammatory cytokines in esophageal ho-
mogenates in rats with alkali burn of esophagus sec-
ond degree, which can indicate a prolonged inflam-
mation in the burned area. In the groups of animals
with the alkaline burn of the esophagus, that were in-
jected extract there can be traced a change of the in-
dicators in the direction of normalization, indicating
about the obvious therapeutic effect of aqueous ex-
tract of pods of Phaseolus vulgaris.

ABBREVIATIONS
AEB 2: Alkali esophageal burn of second degree
ANOVA: Analysis of variance
COX-2: Cyclooxygenase-2
ELISA: The enzyme-linked immunosorbent assay
PVPE: Phaseolus vulgaris pods extract
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